A Reference Model for Collaborative Capacity Planning Between Automotive and Semiconductor Industry  by Zapp, M. et al.
 Procedia CIRP  3 ( 2012 )  155 – 160 
2212-8271 © 2012 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of Professor 
D. Mourtzis and Professor G. Chryssolouris. 
doi: 10.1016/j.procir.2012.07.028 
45th CIRP Conference on Manufacturing Systems 2012 
A Reference Model for Collaborative Capacity Planning Between 
Automotive and Semiconductor Industry 
M. Zappa,*, C. Forstera, A. Verla, T. Bauernhansla 
aFraunhofer Institute for Manufacturing Engineering and Automation (IPA), Nobelstr. 12, 70569 Stuttgart, Germany 
* Corresponding author. Tel.: +49-711-970-1604; fax: +49-711-970-1010 .E-mail address: zapp@ipa.fraunhofer.de 
Abstract 
The work presented in this paper is motivated by the strong differences found in the automotive and the semiconductor industry 
with respect to supply chain planning philosophies as well as long-term and short-term supply chain flexibility. This paper will 
present a reference model which outlines measures for the dimensions of strategy, processes, technology, and IT systems to 
improve collaborative supply chain planning and control. This allows for a more efficient coordination of production capacity and a 
better response to demand fluctuations in the automotive and semiconductor industry. 
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1. Introduction 
In the last three years, the supply of the automotive 
industry with semiconductor devices such as 
microprocessors has been a critical issue. The downward 
trend in 2009 created excessive stocks and 
overproduction throughout the semiconductor supply 
chain. The subsequent strong upswing was recognized 
and mitigated too late, leading to significant bottlenecks 
in the supply of semiconductor products. This resulted in 
repeated bouts of material allocations, line stoppages, 
and exorbitant logistics costs for the entire value chain 
from semiconductor manufacturers to automotive OEMs 
(Original Equipment Manufacturers) [1]. 
The gaps between component demand and supply 
became apparent in all automotive supplier segments, 
but most strongly at the interface between automotive 
and semiconductor industry. Preventing these supply 
chain disruptions will be critical for the future of the 
automotive industry, since market players such as Bosch 
expect that the automotive sector will not return to the 
stable economic conditions of the past. The need to 
operate on new and quickly growing markets such as 
China and India, with their more volatile business 
cycles, in combination with the continued relevance of 
optional extras is increasing the volatility in the supply 
chain [2].   
Therefore, it is essential to systematically improve the 
supply of semiconductor products to the automotive 
industry and optimize the efficiency inside the 
semiconductor supply chain. To do so, the capacity and 
investment planning processes between the automotive 
and the semiconductor industry need to be harmonized.  
In this paper, we will first discuss existing approaches 
for collaborative supply chain management. Then, the 
special requirements and constraints of the automotive 
supply chain for semiconductor devices are described 
(chapter 3). Furthermore, today’s capacity planning 
approaches and their shortcomings are outlined in 
chapter 4. A reference model based on these findings has 
been designed and will be presented here, offering new 
approaches for collaborative capacity and investment 
planning. This model is designed to facilitate 
collaboration between the automotive and the 
semiconductor industry (chapter 5). 
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2. Approaches for collaborative planning in supply 
chains 
A core aspect of Supply Chain Management ([3]; [4]) is 
the collaborative planning, coordination and control of 
information, material and value flows between 
customers and suppliers throughout the value chain [5]. 
In literature, a wide variety of industry-independent as 
well as industry-specific initiatives, models and 
approaches on this issue are discussed [6]. Examples are 
the Efficient Consumer Response (ECR) initiative of the 
consumer goods industry [7], the Supply Chain 
Operations Reference (SCOR) model of the Supply 
Chain Council [8], and the Collaborative Planning, 
Forecasting and Replenishment (CPFR) approach of the 
Voluntary Interindustry Commerce Standards 
Association ([9]; [10]).  
The SCOR model provides a hierarchical model 
decomposed into four levels. At the top level, it consists 
of five elementary business process types: Plan, Source, 
Make, Deliver and Return. The next level offers best 
practice configurations for different supply chain 
approaches, such as make-to-order. The lower levels 
need to be tailored to the company implementing the 
model ([8]; [11]). SCOR offers a general framework for 
supply chain management and can support companies to 
standardize their supply chain terminology and processes 
as well as to apply best practice approaches. Thereby, 
the model can ease the cross-company communication 
and collaboration in general. On the other hand, SCOR 
does not offer operational process models for the 
collaboration between two particular industries like the 
automotive and the semiconductor industry. Therefore, it 
offers only limited means for the problem at hand.  
The ECR approach aims to completely integrate 
information and supply chains to be able to efficiently 
respond to current customer demand [12]. This effort 
leads to the logistical objectives of responsiveness, 
cooperation, and customer-orientation. Marketing 
objectives are also included in the ECR approach but are 
not considered in the following. The ECR approach 
should be understood as a holistic model serving as a 
superstructure for numerous operational approaches 
[13]. These include Cross Docking, Synchronized 
Production, and Continuous Replenishment.  
Cross Docking builds on the establishment of central 
storage facilities in conurbations. Accordingly, its 
objective is not to supply a limited number of industrial 
customers, as in the semiconductor industry.  
With Synchronized Production, the sales data are 
automatically sent from point of sale to the manufacturer 
to better control production. This approach is designed 
for highly flexible supply chains, which is not the case in 
the semiconductor industry (refer to chapter 3.2). 
Continuous Replenishment provides a superstructure for 
improved supplier integration. Often, this term is 
mistakenly used as a synonym for Supplier Managed 
Inventory (SMI). SMI, however, is only a tool to 
implement continuous replenishment. But the term SMI 
is now generally used in literature and practice [14]. 
Another approach associated with ECR is Collaborative 
Planning, Forecasting and Replenishment (CPFR). 
CPFR is an initiative of the consumer goods industry 
and was first applied by the retailer corporation Walmart 
in 1995. Its aim is to improve demand forecasts by 
developing close cooperation between manufacturers 
and retailers. It differs from process models such as the 
SCOR model by having the operational steps for 
implementing the joint cooperation processes defined by 
a CPFR process model [5]. CPFR is based on 
agreements between the partners to define the financial 
and organizational framework and joint business models 
through shared objectives [15]. From an operational 
perspective, demand figures from different distribution 
channels are electronically transferred, aggregated and 
made available to all supply chain partners on an 
electronic platform [14]. Instead of historical data, 
current sales figures can now be used for creating sales 
forecasts. Sales planning is no longer an activity done 
separately by each supply chain partner but becomes a 
cooperative effort. This means forecasts are shared and 
deviations discussed in a defined process. 
The presented models offer many opportunities for 
collaborating in supply chains. The CPFR approach, in 
particular, allows for harmonizing both the forecasting 
and the resulting capacity planning procedure. Existing 
concepts, however, were developed without industry 
specification or are tailored to the specific needs of other 
industries. So, it needs to be investigated if these 
approaches can be applied to the planning process in the 
automotive and semiconductor industry.  
3. The automotive supply chain for semiconductor 
devices 
This chapter will first explore the specific characteristics 
of automotive supply chains for semiconductor products. 
Then, the most significant differences in terms of supply 
chain flexibility between the automotive part and the 
semiconductor part of these supply chains are described. 
3.1. Automotive supply chain for semiconductor devices 
This section analyzes the supply chain at the interface 
between automotive and semiconductor industry. The 
automotive industry is characterized by a large network 
of 1st and 2nd tier suppliers contributing a large share of 
the added value of automobile products.  
Semiconductor manufacturers, in general, play the role 
of 2nd tier suppliers inside such supply networks. The 
semiconductor suppliers deliver their products to 1st tier 
suppliers assembling entire electronic systems and 
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modules. The 1st tier suppliers apply a just-in-time 
philosophy in delivering to the automotive OEMs. The 
semiconductor supply chain can be broadly divided into 
two main stages: the chip manufacturing (front end) and 
the assembly, packaging and final testing (back end) 
stage. Both steps may be performed by one manufacturer 
or can be (partly) outsourced to subcontractors or 
foundries.  
3.2. Product and manufacturing strategies in the 
automotive and semiconductor industry 
The two industries differ strongly in terms of product 
and manufacturing strategy, which represent important 
factors influencing capacity planning. 
The manufacturing strategy of the semiconductor 
industry stands out by frequent changes of the 
manufacturing technology and a high production 
utilization of 90-95%. The frequent technology changes 
are mandatory to meet the demanding performance and 
cost requirements of their biggest customer group, which 
— according to the German Electrical and Electronic 
Manufacturers' Association — include the data 
processing (42%) and telecommunication industry 
(22%) [16]. On average, the number of transistors per 
chip has doubled every 24 months over the last 40 years. 
It is expected that constant innovation in chip 
manufacturing will uphold short technology life cycles 
[17]. In addition, a high capacity utilization is made 
necessary by the high investment cost and the fierce cost 
competition in the semiconductor market. 
In contrast, the manufacturing strategy of the automotive 
industry is influenced by long product life cycles and a 
low vertical integration. An average vehicle is 
manufactured in series production for five years, 
followed by a service life of up to fifteen years [18]. 
Therefore, a guaranteed long-term availability of 
electrical components is required. In addition, the 
performance requirements in the automotive industry are 
lower in comparison to other sectors and, moreover, the 
suppliers are subject to time-consuming and expensive 
qualification procedures for production equipment. 
Consequently, there is a trend to manufacture chips for 
the automotive market on older semiconductor 
production equipment.  
From a strategic point of view, the long product life 
cycles and the qualification requirements reduce the 
semiconductor manufacturers’ flexibility in optimizing 
their production capacities.  
3.3. Supply chain flexibility in the automotive and the 
semiconductor industry  
Another important factor for collaborative capacity 
planning is the flexibility of the supply chains. When it 
comes to medium- and short-term flexibility, a number 
of differences between automotive and semiconductor 
industry can be noticed. While the automotive industry 
processes a great number of variants in very small lot 
sizes, the efficiency of chip manufacturing heavily 
depends on large lot sizes.  
A special feature of the production sites in the 
automotive industry are the short lead times. In addition, 
manufacturers are able to increase production capacity 
even at short notice, for instance through extra shifts or 
the fast ramp-up of additional production resources. 
Therefore, the automotive industry can respond quickly 
to demand fluctuations.  
By contrast, the lead times in the semiconductor industry 
amount to 10-16 weeks, because the manufacture of 
chips (front end) is very complex and involves up to 800 
process steps [19]. The manufacturing of dies in the 
front end requires 10 to 12 weeks for microprocessors. 
In addition, the facilities for chip manufacturing are 
operated under 24/7 conditions with utilization rates of 
90-95%. The long lead times in the semiconductor 
industry require long-term planning horizons and stable 
planning figures. In the semiconductor industry, 
production orders are scheduled up to six months in 
advance. Therefore, a change in planning quantities 
directly affects production planning and may even make 
processed production lots obsolete [1].   
3.4. Conclusion from supply chain analysis 
The differences in the supply chains show that the 
automotive industry has achieved higher adaptability, 
while the semiconductor industry is rather inflexible and 
therefore requires stable planning figures and long 
planning horizons. However, the planning data provided 
by the automotive industry do neither cover a sufficient 
planning horizon nor are free of the impact of short-term 
fluctuations. This is why currently high stock levels of 
automotive components need to be maintained inside the 
supply chain. Under normal market conditions, these 
stock levels cause high inventory costs and can also lead 
to obsolete products. The past three years have shown 
that even high inventory levels cannot mitigate 
substantial market fluctuations. Differing manufacturing 
lead times of both industries have led in a fast growing 
market to underproduction and thus to supply shortages 
[20]. All this calls for a systematic improvement of 
capacity planning between the supply chain partners.  
4. Capacity planning for semiconductor devices  
4.1. Today’s capacity planning process  
Based on industrial surveys among semiconductor and 
automotive companies, the capacity planning process 
can be described as follows. The automotive supplier 
provides delivery schedules (or single orders) to the 
semiconductor suppliers (6 month planning horizon) on 
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a weekly basis. The semiconductor suppliers collect and 
review the orders from all their customers and release 
them as “order backlog” (fixed orders) to their capacity 
planning system. In addition, the sales and marketing 
department of the semiconductor supplier regularly 
builds forecasts based on received orders, customer 
contracts, and market trends. Order backlog and 
forecasts are used in the capacity planning process – 
with different priorities – to plan and allocate capacities 
for product groups and semiconductor technologies. 
Major capacity issues are discussed between sales and 
operation department in regular Sales & Operation 
Planning (S&OP) meetings, which may lay the ground 
for investment decisions. 
When applying this capacity planning approach, the 
following shortcomings become apparent: First, the 
visibility of the semiconductor experts on their product’s 
end user market is very limited. Accordingly, 
semiconductor suppliers hardly know in which car 
models their products will finally be installed. The effect 
of general market trends on one’s own production is 
hard to assess and the forecasts suffer from a lack of 
reliability. Second, there is a lack of structure in the 
approaches to align or communicate capacity and 
investment decisions between the automotive supplier 
and the semiconductor supplier. Third, the automotive 
suppliers usually do not deliver stable planning data for 
3-4 months. Therefore, even the released production 
orders (order backlog) are still subject to changes. And 
last but not least, the demand from the automotive end 
user undergoes a number of planning cycles before 
being transmitted to the semiconductor industry. As a 
result, the semiconductor suppliers are affected by large 
demand fluctuations, even if the original demand of the 
automotive OEM is rather stable. 
5. The Reference model  
To ensure a stable supply of the automotive industry 
with semiconductor components even under widely 
varying market conditions, while avoiding high 
inventory and transport costs, it is necessary to optimize 
collaboration in the supply chain. Based on industrial 
project experience in the automotive and semiconductor 
industry as well as research initiatives, a reference model 
covering a range of improvement actions has been 
defined at Fraunhofer IPA. In this respect, the 
dimensions of process, technology, IT system, and 
strategy are distinguished for both long-term capacity 
and investment planning and short-term order 
management (compare [1]): The dimension Strategy 
addresses strategic actions like risk-sharing models and 
dual source strategies, which change the fundamentals of 
the cross-company collaboration. In addition, the 
dimension Technology covers improvement actions like 
product modularization, hard customization and soft 
customization, which change the semiconductor product 
itself and thereby improve the overall supply chain 
efficiency. The dimension Process defines direct 
improvement actions for the supply chain planning and 
order management processes at the interface between 
both industries. Finally, the dimension IT System 
specifies IT tools, which support the cross-industry 
processes and allow mastering the supply chain 
complexity. 
In the following, improvement actions are presented 
which primarily address the medium- and long-term 
capacity planning process. They allow a more efficient 
coordination of production capacity and a better 
response to demand fluctuations between automotive 
and semiconductor industry. First, measures with respect 
to the capacity planning process (Process) itself and the 
supporting IT Systems are presented. These measures 
can be implemented in the short or medium term. 
Subsequently, measures in the dimensions of 
Technology and Strategy are described improving the 
flexibility of the semiconductor supply chain in general. 
These measures address the underlying problems of 
today’s cross-company capacity planning process. They 
can only be implemented in the long run. 
5.1. Process changes to support collaborative capacity 
planning  
Two measures are presented for the Process dimension, 
improving collaboration in the capacity planning 
process. 
One measure is to harmonize the current capacity 
planning processes of both industries according to the 
Collaborative Planning, Forecasting and Replenishment 
(CPFR) approach. This covers, for example, the 
organization of regular coordination meetings to produce 
joint forecasts as a basis for capacity planning. These 
meetings need to be backed by a standardized procedure 
and jointly defined performance indicators. These 
monthly or quarterly coordination meetings should not 
be confined to the discussion of general market trends 
but review the forecasts for several preselected major 
product groups and semiconductor technologies. So, 
planning errors, potential capacity bottlenecks, and 
investment needs for certain semiconductor technologies 
can be recognized and fixed in time [20]. Consequently, 
major deviations between supply and demand of 
semiconductor components are prevented and a faster 
adaption of production capacities and stock levels to 
changing market conditions is ensured. 
Another essential leverage point for joint capacity 
planning is to improve the transfer of demand figures. 
The large demand fluctuations in the automotive supply 
chain due to planning processes must be avoided. To 
achieve this, the number of material planning levels 
should be reduced so that information from automotive 
OEMs to semiconductor suppliers is forwarded more 
quickly and in an undistorted manner.  
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A possible remedy is the use of the Supplier Managed 
Inventory (SMI) concept, where all demand figures sent 
to the semiconductor suppliers are based on the master 
production schedule of the automotive supplier. 
Accordingly, local material planning runs in the 
automotive production sites are no longer required and 
planning-related demand fluctuations are avoided.  
Especially if a shortage of material is anticipated, the 
local plant logistics experts of the automotive suppliers 
tend to build up higher safety stocks or to combine 
demands to larger lots. However, from a company-wide 
perspective and from the semiconductor suppliers’ point 
of view, these planning-related interventions lead to 
unclear planning figures. Applying the SMI principle 
and letting the supplier take responsibility for 
maintaining inventories leads to increased visibility into 
the global supply chain and ensures regular supply with 
semiconductor products for all plants [20]. As a result, 
the semiconductor suppliers get better planning figures 
for capacity planning. 
5.2. IT systems to support collaborative capacity 
planning  
Since the global supply networks connecting automotive 
suppliers and semiconductor manufacturers often cover 
several thousand products, the coordination process 
needs to be supported by advanced IT tools. They can 
contribute to the identification of capacity bottlenecks 
and the coordination and optimization of capacity and 
investment decisions beyond industry boundaries. 
To recognize capacity issues at an early stage and to take 
capacity allocation and investment decisions in a timely 
manner, the global demands and the available production 
capacity at product group or technology level must be 
made more transparent. Semiconductor suppliers must 
be enabled to view the global demands of their 
customers and match them to their internal production 
capacity. On the other hand, automotive suppliers must 
gain insight into critical capacity situations at their 
suppliers’ sites to be able to initiate mitigation measures. 
The great number of semiconductor products purchased 
by the automotive industry and the complexity of the 
production networks requires the support of a cross-
company collaboration platform. The tasks of this 
platform are to map (1) the demand for automotive 
components, (2) the built-in semiconductor technology, 
and (3) the available production capacity for a specific 
semiconductor product. Based on this mapping, the 
capacity situation for each product group and 
semiconductor technology can be displayed in a KPI 
(Key Performance Indicator) dashboard. This dashboard 
can then be used as a basis for the capacity alignment 
meetings of the supply chain partners, for investment 
decisions of the semiconductor supplier, and for early 
mitigation actions of the automotive supplier (e.g. 
establishment of second supply source). 
To master the complex product portfolio, the cross-
company collaboration platforms shall provide 
automated monitoring and alarm functions.  
5.3. Technology decisions to support collaborative 
capacity planning  
To increase supply chain flexibility, semiconductor 
components should be standardized to the greatest 
possible extent. So, supply relationships and the 
planning process become less complex and the number 
of necessary product changes in semiconductor 
manufacturing as well as necessary safety stocks are 
reduced.  
One possible measure is to shift the customization of 
semiconductor components to the latest possible stage in 
the manufacturing process. To achieve this, there are two 
possible ways: soft customization and hard 
customization. Soft customization means that 
semiconductor components are designed so that they can 
be software configured and customized subsequent to 
the actual production steps. The hard customization 
strategy tries to make the electronic components 
configurable according to the modular principle by 
increasing modularization and standardization. Apart 
from greater flexibility in the manufacturing chain, these 
principles also improve the long-term supply of the 
automotive industry, since modularization makes it 
possible to replace discontinued modules. In other 
words, modules can be integrated into the existing 
architecture of a vehicle while maintaining its original 
functionality. Fundamental requirements for 
implementing hard customization are the standardization 
of interfaces, the compatibility over several generations, 
platform-independent and beyond individual models, 
and an overall architecture that clearly defines both 
central and subordinate systems as well as their 
interfaces and so facilitates the interchangeability of 
functional components [21]. 
For both soft and hard customization strategies, the 
possible disadvantages in product design need to be 
weighed against the significantly reduced logistics costs 
and planning risks. Advantages are especially the 
aggregation of demands and the greater flexibility in 
semiconductor manufacturing. The increased flexibility 
allows for a better response to demand fluctuations and 
so addresses the existing coordination problems in 
capacity planning. 
5.4. Procurement strategies to support collaborative 
capacity planning  
When automotive suppliers define their procurement 
strategy and enter into contracts with their 
semiconductor suppliers, they should place particular 
emphasis on supply reliability and a high level of 
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flexibility in the supply chain. This helps to avoid 
coordination problems in capacity planning later on. 
With standard components it is possible - and usual 
practice - to qualify several suppliers for a single 
component. For customized products (Application 
Specific Integrated Circuits, ASICs), however, there is 
often only a single supplier (Single Source Strategy) 
used because of the high qualification effort. In the 
future, a better balanced trade-off is necessary between 
costs for another supplier and potential supply risks.  
Another measure is the qualification of several 
production lines at a single supplier. Since it takes a 
great effort to qualify every manufacturing resource for 
each automobile product, it is standard practice to 
qualify only as many manufacturing resources in the 
semiconductor factories as required. For volatile 
products, however, additional resources should be 
qualified (Dual Fab Strategy) to proactively avoid 
supply risks.  
What is also possible is to guarantee capacity by contract 
to avoid capacity bottlenecks. In this case, the 
automotive supplier must be willing to financially 
compensate the semiconductor manufacturer if, in the 
end, the reserved production capacity was not needed.  
The strategic changes mentioned above can only be put 
into practice in the long run and on a contractual basis. 
Especially the contractual guarantee of capacity, which 
is equivalent to a risk sharing model and already used in 
the semiconductor industry for other customer segments, 
makes it necessary to revise today’s contracts with the 
automotive industry. 
6. Summary 
This work analyzed the capacity planning process 
between automotive and semiconductor industry as well 
as the different supply chain characteristics in both 
industries. In addition, existing models for capacity 
planning collaboration in supply chains were explored.  
Based on these analyses, a dedicated reference model for 
collaborative capacity planning at the interface between 
the two industries has been developed. The model 
structures and defines measures in terms of strategy, 
technology, processes, and IT systems. The 
improvement actions in each field are based on research 
as well as industrial experience. A number of particular 
measures have been outlined in this paper. 
Enhanced supply reliability in the automotive supply 
chain for semiconductor components can only be 
achieved if coordinated action is taken by automotive 
and semiconductor industry. The presented reference 
model facilitates the development of company-specific 
implementation roadmaps in the automotive and 
semiconductor industry. 
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